Introduction
For an online retailer, the special online shopping festival, such as the Black Friday and Cyber Monday in USA, and the NOV 11 in China, makes up a substantial percentage of sales. This is especially true for Amazon.com. In the Black Friday of 2013, Amazon sold four million items, at a rate of around 41 items per second. In order to provide better service during the holiday shopping season, Amazon hired 15,000 temporary staff and 2,300 extra permanent employees. During this season, it is a major challenge for Amazon to allocate resources such as employees, the third part logistics and items, to attain higher customer satisfaction. Therefore, it is useful to forecast future quarterly net sales, which can help Amazon prepare for future Black Fridays and Cyber Mondays. There are some methods that usually used to forecast the demand in short time, such as Winters' [1] , Time series analysis [2] [3] and ARIMA [4] [5] . J.N. Xue and Z.K. Shi [6] adopts chaos time series theory to forecast short-time traffic flow. P. Zhou et. al. use ARIMA-BP combination model [7] to forecast the traffic demand of civil aviation tourism. L. Zhou and X.L. Yong [8] establish ARIMA(0, 2, 2) model using stationary data of historical electricity consumption, and make an empirical case on Beijing City. Nowadays, some researchers use different methods to forecast the e-commerce demand. Y.F. Tang [9] uses RBF neural network and SVM (support vector machine) to construct a dynamic demand forecasting system of fresh agricultural products for e-commerce, and analyzes the forecasting system with application of MATLAB simulation software to compare their effectiveness. Y.Y. Fan [10] uses the brief elaboration regarding coalition analysis method to forecast the product demand of demand chain in e-commerce, and states the coalition analysis method on the case of MP3 production. The result indicates that the coalition analysis may improve the accuracy of product demand forecast. However, these papers doesn't consider the special shopping festival of online shopping, such as Double 11 and Double 12. As we know, only Q. Zheng [11] try to forecast the e-commerce demand on Double 11. Q. Zheng [11] forecasts the demand of Taobao in NOV 11 with linear regression, exponential regression, logarithm regression, power multiply regression, and polynomial regression models, and points out that the polynomial regression model is better than others.
In this paper, we will try to use different forecasting methodologies to forecast Amazon's future quarterly net sales, based on its historic quarterly data. First, we will use three different methods to forecast the quarterly net sales in 2013. Then we will test and justify different approaches by comparing forecasting data with the actual net sales in 2013, and find the "best approach" suitable for forecasting future quarterly net sales at Amazon. Finally, we will conduct a sensitivity analysis and implement the best method to forecast Amazon's quarterly sales in 2014.
Data Collection and Forecasting Methodologies
In this paper, we will try to forecast the quarterly net sales in 2013 and then compare the actual and forecasting data. Usually, there is seasonality present in a retailer's sales, resulting from the holiday shopping season. Thus, it is important to collect data continuously. We obtained Amazon's net sales of the first quarter to the third quarter from 2000 to 2013, then we attained the fourth quarter on the website of Amazon, which amounted to a total of 56 observations (actual net sales data).
There is seasonality present in the sales of Amazon. Sales were the highest in the fourth quarter of each year throughout the data. This is typical for a retailer since the fourth quarter encompasses the holiday shopping season that typically runs from late November through the end of December. In addition, sales have been increasing over time. The deseasonlized sales chart shows that sales have been rising at an increasing rate.
Based on the analysis of the data pattern, we can use Winters' exponential smoothing, time-series decomposition and ARIMA (Autoregressive Integrated Moving Average model) to forecast Amazon's quarterly net sales. The comparison of different forecasting approaches can be categorized as shown in Table 1 . 
Sales Forecasting and Residual Analysis Winters' Exponential Smoothing
Winters' Exponential Smoothing allows for both trend and seasonal patterns of the data to be taken into account as the smoothing process is applied. A Winters' Exponential Smoothing forecast model is created using sales as the dependent variable, time as the independent variable, and a seasonality of four. The forecast result attained from STATGRAPHIC Centurion using Winters' Exponential Smoothing is shown in Fig 1 and Based on calculation, the "RMSE" equals 803,296, accounting for 3.14% of the actual average sales in 2013. Intuitionally, the method of Winters' Exponential Smoothing can be applied to this forecast. The residuals of this forecast are random (for the non-zero P-values ) and thus Winters' Exponential Smoothing method can be applied to the quarterly sales forecasting of Amazon in 2013.
Time Series Decomposition (Improved)
The time series decomposition model is used by finding the linear trend of the data, along with a seasonality index and a cyclical factor. To use this method, the centered moving average, and the centered moving average trend need to be found. In this model, a central moving average trend is established using the central moving averages of the past four quarters. This trend will then be multiplied by a seasonal index for each quarter, as well as a cyclical factor in order to forecast sales for 2013.
However, after testing we found the residuals are not random. To use time series decomposition, the Box Jenkins methodology will have to be used to adjust the forecast. To do this, the residuals will be forecasted for 2013 using an ARIMA model, and these forecasted residuals will be added to the previous forecast to obtain the new forecast for 2013. The adjusted forecasts and residuals using the Box Jenkins methodology are shown in Table 3 . Based on calculation, the "RMSE" equals 464,986, accounting for 1.82% of the actual average sales in 2013, and indicating a small forecasting deviation.
Intuitionally the method of ARIMA can be applied to this forecasting for the smaller RMSE and forecasting deviation. We can find that the residuals are random based on residual-randomness testing result (for the non-zero P-values ). Thus, ARIMA is a good model that can be used to forecast Amazon quarterly sales in 2013.
ARIMA
In ARIMA model, a number of ARIMA models will be compared, and the model that produces random residuals with the lowest RMSE for the 2000 to 2012 sales will be used to forecast the 2013 sales. From the data pattern, we can find that the data is non-stationary because of the upward trend.
From the data pattern, we can find that the data is non-stationary because of the upward trend. Thus, we can use the Box-Jenkins method can be used to deal with the data and then a best model will be identified. Then ARIMA model, with chosen p, q and d, can be used to forecast the Amazon quarterly sales in 2013.
After testing by Box-Jenkins, we can identify ARIMA (0,1,1)*(2,0,2) model is possible for this data series. The forecasting result attained from STATGRAPHIC Centurion using "ARIMA (0,1,1)*(2,0,2)" is show in Table 4 Based on calculation, the "RMSE" equals 920,062, accounting for 3.60% of the actual average sales in 2013, indicating a small forecasting deviation.
Intuitionally the method of ARIMA can also be applied to this forecasting for the smaller RMSE and forecasting deviation. We can find that the residuals are random based on residual randomness testing result (for the non-zero P-values). Accordingly, ARIMA is a good model that can be used to forecast Amazon quarterly sales in 2013.
Sensitivity Analysis
Before selecting which model to adopt, Amazon will also want to know which of these forecasts are more sensitive to small changes in the data. This is important because Amazon will want to know how their chosen forecast method will react to slight changes in sales. For this section, the 2013 sales will adjust upward and downward slightly. The forecast methods that return a greater variance for future forecasts based on the adjustments to the sales in 2013, which will be judged to be more sensitive to changes in the data.
Specifically, Amazon's sales will be forecasted for 2014 to 2016 for three cases: 1) after decreasing sales by 2 percent for each quarter of 2013, 2) after increasing sales by 2 percent for each quarter of 2013, and 3) after keeping 2013 sales the same, which will be referred to as the base forecasts. To accomplish this, 12 forecasts will be taken. The first four forecasts will be summed to determine the forecasted annual sales for 2014, and so on. The variance between forecasts for the two percent decrease and increase will be used to determine the sensitivity of the forecast. Table 5 shows the annual forecasts for 2014 through 2015 using Winters' Exponential Smoothing. The total variance in sales between the 2 percent decrease and increase is $26.8 billion. Table 6 shows the annual forecasts for 2014 through 2015 using Time-Series Decomposition with a Box Jenkins Adjustment. The total variance in sales between the 2 percent decrease and increase is $32.7 billion. Sensitivity Analysis of ARIMA Model Table 7 shows the annual forecasts for 2014 through 2015 using the ARIMA model. The total variance in sales between the 2 percent decrease and increase is $32.9 billion. Overall, it appears that the Winters' Exponential Smoothing forecast is the least sensitive to changes in the data, while the Time-Series Decomposition with the Box Jenkins adjustment forecast and the ARIMA model forecast are similarly sensitive to changes.
Sensitivity Analysis of Winters' Model

Sensitivity Analysis of Time-Series Decomposition Model
We found the Time-Series Decomposition with a Box Jenkins Adjustment and the ARIMA model were more sensitive to changes in the data, they may be more likely to pick up on small changes in the data that do impact future sales, and therefore, possibly provide more accurate forecasts. However, as mentioned above, if the small changes will not impact future sales, then these models are less likely to be accurate. Since the Winters' Exponential Smoothing model is less sensitive to changes, it may be less quick to react to changes in the data. However, since it is less sensitive, it may also be the best model to predict sales at Amazon for more than a couple of years in advance.
Implementation for Amazon
Three methods were used to forecast the quarterly sales of Amazon in 2013, then we compared the forecasting results with the actual data and find the three best methods to do the sales forecasting for Amazon-Winters', Time-Series and ARIMA, among which improved Time-Series is strongly recommended to do the forecast for the smallest RMSE. The result of above three methods to forecast quarterly sale of Amazon in 2014 is shown in the Table 8 . Actually, we found the real sale in different quarter in 2014 is $19,741million, 19,340 million, 20,579 million and $29,328 million in Amazon web site, which demonstrate above three methods can all be used for the sale forecasting for Amazon due to small deviations.
However, from the practical operation management of Amazon, it's very much important to forecast the sales in the fourth quarter, because of the greatly expanded demand compared with other three quarters. In this respect, after comparing we found the improved Time Series approach is more suitable because the forecasting deviation is only 2.4% compared with the real sales. Thus this result reflects the same forecasting accuracy as show in the forecasting part, in which the RMSE is the smallest under the method of Time Series Decomposition (Improved).
Conclusion
In this paper, we analyze three methods to forecast sales for Amazon based on the historical data. The results show that all above three methods can be put into practice to forecast sales for Amazon, and the sensitivity of Winters' Exponential Smoothing is less than the other two methods. Based on the forecasting result, Amazon can have a big picture of the demand and then to take relevant measures to arrange resources, such as hiring more employees, storing more items or expanding shipping capacity, and thus to offer good service to improve customer satisfaction.
Though, the forecasting error (RMSE) of the above three methods is very small and can be applied to the forecast of Amazon sales, there are still some obstacles to using these methods as follows. One major obstacle impeding the implementation of the forecast is the necessary data to precisely carry out the forecast. Amazon's quarterly sales are influenced by many diverse factors, such as population, disposable household income, interest rate, macroeconomic trend and so on.
